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"The Bleotrointegrtor == An Outetanding Attainment of Soviet Soience"

Arkadiy Adamoy

Bven in times past, solentists noted o very important feature in
naturer many procecses, spparontly completely different, oboy one and
the same law; for example, tho flow of water in pipes, of an elootricet
ourrent in cenduotors, md the exchange of heat from a heated body to o

cold ones The specd of waterflow doponds upon the pressure difference

4
b
i

ot the ends of a tube, the ourrent strength upon the potential differ=

enco at the ends of a oonduetor, and heat oxchange upon temperature
difforence. All remaining conditions governing the courss of these
Prosesses are also similar,

The laws cboyed by various processes in nature aro very aomplex.

e m— . . e

They are expressed mathematicslly in the form of so=called differential

oquations. Soientists and designers can now set up difforential

oquations of any known Prooesas in nature or, as they aay, desoribe

i ‘ these processes meh-nuelny.

. What, apparently, is in ocemmon botween the motions of celestial '

bodies and a rolling ship at gea? Both theso phencmena are mathe=

mationlly desoribed by one and the same oquation,

"The unlt)or nature = wrote V. I, Lenin in his famous book h

“Materialimm and Empirio=Criticim"= 4ppears in the marvelous lhnil-
larity of differential equations which are ooncerned with different b
. flelds of phenomena."

Suoh is the most cammon op general content of the law of aimi=
larity of physical phenomena oxisting in nature, Thie law serves as
the basis for the develoment of the theory of modeling which 4s very
important in teohnology these days,
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In planning various structures the deaigner generslly oconduots
! proliminary experiments on modelss Miniature ships float and "underge
; triale® at oxperimental basins and oarefully carved models of airplancs
{1 shake in & strong air ourrent inside anserodynamio tude eto.

Each such exporiment requires tremendous expenditures of time and
N strength.s In order to find the most useful variant in dosign, it ia
nocossary to make 20 to 30 models and cach of them are carefully in=
vostigateds And all suoh solut!ine found oannot be considored the very

bests Indeed, an infinite number of possible variante remain unstudied,

Moreover, such modeling doos not yiold acourate data, and occasionally

oven distorts tho phenamonon studied. Very often, the modaling turna

out to be gonerally impossible, and then trial designs must be constructed,
It would be poasible, of oourse, not to construot a model but to

dosoribe the studied process mathematioally) that is, to set up its

differential equation. In this case the solution would be absolutely

acourates But thon euch enormous caloulations would be required that

it would take many monthss Moreover, the groat majority of these

oquations cannot be subjected to practical caloulations.
All theso oauses compolled rosearchors to concentrate their attention
on an experimentel study of those natural procecses  that interest them;

that 1s, to create simpler and handier models of the objeots studied.

And then tho above-mentioned law of similarity of physioal procassss
suggested to solentists a new idea: is it not posaible to study all
processes by elaotrical models? All the elements of an sleatrical

: eiroult = capacitor, coll and rheostateare inexpensive and oan be

"‘; utilized with a very great degree of acouraoy. Ehotrot.ohnology“”"y
% #0000e very oomplete devices and methods for the measurement of eleo=

tifoal quantitiess An electrionl quantity A, by the employment of the

law of similarity in dimensional analysis and definite coeff'iolents,

san easily be transferred into numerioal quantities in azy other field

of physios (Figure 1, in the Annex).
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Investigations have shown that the method of electrical modeling
is ocomplotely possible and its mcourasy is wffiolently highe The l -
investigator in a number of cases quickly obtains the solution of vory
eomplicated diffemential equations.

The Soviet solontist Profs L. I. Gutenmakher had already in 10%
designed on this prinoiple s oompletely new unucual machine = the
olectrointegrator, It“"n’unod "olever", "solentific", "thinking® == un/fMowy

In this machine one can study both the strosces in an airplane
propeller and the temporature stressos during the tempering of metallis
items of complex design, and also tho infiltration of water into the
ground under a dam and many other processes) therefore it has been
oalled "universal®,

In order to construot an eleotrioal model of an objeot or structure,

in whioh there takes place a prooess of interest to us, first of all one

divides it on the plan into & great number of separate individual smaller
. objeats (Figure 2). For example, a propeller is obtained or the dam i
1 oonstruoted out of imaginary mall bricks. Each suoh oube, whose physioal
properties are previously lmown by us is replaced by & mall eleotrical

odrouits The ccmplete eleotrical scheme, or total oirauit, whioh unites -
] these soparate unit oirouits, will be the full model of nature. The

‘ goometrioal similarity between nature and model i preserved without fails
the length of each facet of nature sorresponds striotly to a definite
quantity in the original eleotrical oirouits in the model. In the

! oleotrointegrator the whole set of such oircuits is disposed in the form

of & large network,and to the eleotrical model are conneoted the necessary

.

meshes of & ocirouit whioh form in it the “volume® of the model. Such &

mesh can be a model of small cement oubes studied for heat oonduotivity
i or metal oubes studied for mechanical stresses, or earth oubes studied

for the infiltration of water: In each of these oases the law- governing
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i “’ the movement of ourront in the Rodel must reflect also the passage of
g f heat or the streases arising in a metal ory finslly, the movement of

i wator in the ground, As we have already anid, the olectrical olrouit

, oonsicts of an assenbly of various oapaoitors, coils, and reaistors,
The iavestigator, by employing the law of timilarity, has only to reduce

‘ the physical properties known to him, of the natural materisl, {nto

oleotrioal ualt™s in order that 81l the meshes of the model be quickly
’ "built inte" the oleotrointogrators In this manner one will obaerve

not only geometrical but also internal, "qualitative" sinilarity between

nature and model,

e

In englneering and construotion practice, it is very often necessary
to solect the most useful fom of the detail or the temperature regime,
or the dhunugm of the struoture, With the aid of the eleotrointogrator
one oan v?fy’;'("nxpcrmnt with" a grest number of de odgn variantes To do
this it 4s suffiolent meroly to "vary" the geomstrical dimonsions of the

model, switohing in or out the oorrecponding meshes in the notworl of the

eleotrointegrator, or to "substitute" one material for producing nature
by others, for which it ig necessary meroly to vary the character of the
ourrent flowing in the model 8dcording to tho properties oi :’20' :n material,
The Eleotrointegrator EI=11 has the shape of a long oweem with o

magsoive vertical panel (Figure ¢)s The engineer conduoting the invessi=

gation must know how to set up the differential eqlations of the process
under study, to find a number of somoalled "initial® and "boundary”
oonditions,Then, with the aid of conversion coefficients, he passes over
to electrical quantities and inserts the model into the network of the
electrointegrators On the horisontal panel the investigator assigns
oonditions for the studied Process and on the vertioal ome he traces out

the geametrical sontour of nature and matches suitable oonditions for the

I "internal® sinilarity of the model with nature. "Tests" on the model

and on & great number of its variants are oconducted in a short time,
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It only remains for the investigator to take down the readings from the
various devices and, fcaording to the given points, to make diagrams of
the necessary ourves which are the "solutions’or the differential
oquations, & great number of which are Practioally impossible to solve
by ordinary mothoda,

Now we shall disouse soveral oxenples of the uge of the olectro-
integrator,

low are the internal stregees in the air sorew of an airplane dige
trituted at the time of operation? Previously it wag aecessary to make
nodels azd then test thex on stands to obtain not very aoourate experi-
montal datas The triale of ono model took mugh timo and 1t i4 patura)
that in his search for the beat Posuible sample the designer oould study
only a few variants,

The integrator "studies” the first nodel rather tcourately for 4 hours,
and each Succeeding variant is studied for 1 hour (singe it 48 necesmary
to vary only partially the form of the model), Oonuquonuy, in 2 years

i on an electrointogrator one can "test" about 0000 variants instead of the
20 to 30 by the old method! The new Propeller will therefore be many
times better,

The employment of the olootrointogntor for Planning water dams and
for investigating various prosessces in them oan elso 8ive tremondous
advantsge in time mnd quality, Dosigners, for oxample, are vory muoch
interested in the temperature regime of a dam, the Posaidbility of dangerous
oracks arieing during the contraotion or oxpansion of the oonorete in the
time of transition from low winter temperatures o high surmer cneq, The
dam s & very omplicated struoture and the distribution of temperature
stresses in it depende upon the form of its various parts, The equations
and bousdary oonditicns of this heat Process are so diffiouly that de=

) #igners almost oannct solve them, bug by simplafying the Problem they havy
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obtained approximate solutions. Therefore the so=oalled temperature
Jointe are arranged inscourately;this could lead to the formation of
oracks and, under the pressure of water, to destruotion.

On the eleotrointegrator cne can solve with sufficlent scouracy
this problem for any number of varisnts of the dam; on each variant a
half day is generally expendad.

And just as important to study is the process of filtration of
water in the ground under a dam, sinco this process can lead to the
waghing away of the botiam or foundation and even to the destruotion
of the entire structure. In order to divert water to great depths
in the Earth's layers, a conmorete wall or channol is ereoted in front
of the underground path of the water's movement. Thus the gEunfd undor
the dan preserves its density. The site of tho channel is oaloulated
by solving the oorrosponding differential equation. The oaloulation
of onch variant requires intenso offort with the aid of caloulating
machines: The eleotrointegrator spesds up the caloulation so much that
20 to 30 variants oan be investigated in but seversl daysl

8till more marvelous are the results of using the electrointegrator
in the invostigation of oil strata. How does one find the distrdbution
of pressure in new oll strata? Where should the wells be drilled? BHow
should these wells be arranged in the most advantageous way uo that all
the petroloun is extraoted from the beds., How should they be arrenged so
that the wells will not disturb one anothers Indeed it often happens that
in the exploitation of a new well an old well unexpeotedly dries up or the
flow of oil through an old well is decressed by an amount equal to what
the new well ylelds, which is obviously very impractioals

Proviously, new strata were drilled on the basis of approximate
caloulationss A well would be drilled and then it was observed what could
be obtained from its After that another well was drilled. Indeed the
cost of drilling esch well is evaluated at half a million rubles. However,
there was no other way, Trus, one ocould set up differential equations

desoribing the distribution of oil pressure in the bedse Their solutiens

could give the unswer to thess interesting problems. But a ulfiolently
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hocurate solution of one varisnt can take from 0.8 to 2 months, and it is

Beestary to carry out not less than 20 variants; that is, an socurste
nathematios) inveatigation of an oil bed involves about 3 years,

The electrointegrator can effect a revelution in this fleld, It
tolves the nooessary differential equations in & fow hours and the time
of mathematioal investigation is shortened from § yoars to 2-3 weekal

Onie oan "answer" important questions of the petrolewm worker: how much

0il will the well yield in an hour; how much in a yoar, two years, five

yoars? When will all the oil be exhausted from tho well?! otos
The electrointegrator is necessary in the investigation of very come

plox processes in olectrotechnology and thermal processs in warious

precision or minute machines and in magsive structures; in the solution

of problems in eonstruction under eandiuon,‘r pormafrost where there

oxists the danger e!\“_ :olv:z‘ and |?tt11.ng of ntrueturu; for deaigning

tho 'u::l:;rue:l.on of hotl"’h}ni :oro\;ndcrgound om by means of

M in the w ground waters) for investigating
’ various processes in metallurgy and in solving many other problems,

The great signifioance of this new invention was ita valuable servioe
to the Soviet peoples The oreators of the electrointegrator are dootor
of technioal soiences Prof. L. I. Outonmakher and his very olose co=worjer
and student oandidate of technical solences N, V. Korol'kov, director
of the Institute of Automatics V. P, Lededev, and director of the laboratory

of thie same Institute B, A. Volynskiy. In 1848 they were awarded the
Stalin prizes The creative searches of Soviet solentists did not stop here.
The group of co=workers at the laboratory of eloctromodeling at the

' i Institute of Precise Mechanios and Caloulating Techniques, USSR Acadeny

4 of Bolences, under the direction of Prof, L. I. Outermakher have worked

on and construoted a new type of eleotrointegrator ELT=11 (Figure 8),

which "solves" a now group of differential equations,
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Hare it 10 not necessary to observe geometric sinilarity; the investis

/
o

Eation operates only with differontial equationss While varying; the values

of the various coefficionts ¢f the equation, he does mot lower Iiis oyes

from the small fromted soroen, on which a bright greon "saake"™ nlowly

Lk s

Roves) this trace represents the graphioal characteristics of the precess

j‘ under studye It ia no longer necossary here to take down reedings from various
i devices and to place them on papor in order to obtain the RneCesATy ourve

*' it oroates itself. The investigator foroes his way through n mass of

‘i i variants without oxponding a minute on tedious oaloulations unavoidable

n‘" in othor cacos. H¢ finds, imoasurably facter, a variant of tho solution.

This solution s much more complete, booauso it is tho rosult of an
enormous, proviously unthinkedle, number of "experiments®s The lnvestie
gotor himeelf becames an original inspired oreator) his attention is not
divertod and ig not fatigued by now unnecossary caloulations.

In the new oleotrointogrator one can investigate very important
dynamioal processes. And again an advantage is obtained both in time and
in quality,

Lot us congeive, for example, such a problem as the tosting of an

-

alrplans in longitudinal and tmﬁnru oscillationss In view of the oom=
. : ploxneas of the process it would be necessary to study up to 1000 variants,

but this can consune several years of persistent efforts On the eleotro=

B ,':5 integrator of the new type the first variant is studied in 10 minutes and
§ all the succeeding ones in 2 o § seconds; that is, 1000 variants would
take now & to 6 dayst
A very interesting instance is the study of automatie traokdng |'yﬂ=u|
which, for example, ensure the automatie turning of any mechaniem after a
moving pointer. It is necessary to shorten to a minimum the unavoidadble
, oscillations during the turning of the mechaniam and during its establighe
ment in a new direction. It i,r"oquirod to find the most advantagoous
relation between tho elements of the tracking system. Here it i oom=

pletely solved by a number oy/invectigntod variantss On one variant three
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days used to be oxpended proviously; that is, 1000 variants would require
about 0 yvars, No"dnt;n buresu*sould oxpend that much time. It ree
Bined only to decresse thol number of variants; that is, to lose kmowingly
in quality in order to shorten the timo exponded on caloulation. The
olectrointegrator of the now typo pormits one to investizate 1000 variants
not in 8 years but in only a few dayst

The new electrointegrator for investizating dynamionl processes,
a0 designed by Frof, L, I, Outonmakher and his oo=workers,makes it possible
to study also important Phyeieal processes such as torsional osoillations
in the 'gch*tor an airplane ongino, tho sutomatie tomporature regulation of
the het air blast in a blast furnace, the csoillations of various high
struotures, the proocess governing the action of an autopilot in an airplane, eto,

Solence in our oountry outstrips the most glowing imagination. This
1s testified by the oreation of the first electrointegrator in the world,
Soviet solentists together with all the poople are strongthoning, by their
brilliant works, the might of the sooinlist Fathorland and are hastening

the movement of our oountry to communism,

o BND =

(Figures 1 to 6, with COaptions, are in Annex)
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rail
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ro&nhgrntnr. 6(51 nehel cnnuln (]
mm see Flpure 3), whig)
oorresnond to moshes i he netwerk of the
uhctrolntormﬁor. The contour of the in.
vestigated object 1g "dravn" on 4t by o Ghgmi
flexidle onble, and the aid o! tho
resist the internal eonai.
Soon model and natupe
aro soleoted, In this case, &n investi.
gntion of then Processes in rails qupd,
thelr annenling ig being oonduoted, On ¢
vertd, J. d n one half ofrarpa
% ry ‘-l'ho ruhhnc&_n
| Sepeviass found x-:ghs he comtour of ¢
model are so arranged thn the ourrent in
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